Thermophoretic Particle Deposition on Unsteady Convective Slip Flow over a Wedge with Variable Fluid Properties and Variable Prandtl Number  by Rahman, A.T.M.M. et al.
 Procedia Engineering  90 ( 2014 )  249 – 254 
Available online at www.sciencedirect.com
1877-7058 © 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of Engineering 
and Technology (BUET)
doi: 10.1016/j.proeng.2014.11.845 
ScienceDirect
WK,QWHUQDWLRQDO&RQIHUHQFHRQ0HFKDQLFDO(QJLQHHULQJ,&0(

7KHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQRQXQVWHDG\FRQYHFWLYHVOLSIORZRYHUD
ZHGJHZLWKYDULDEOHIOXLGSURSHUWLHVDQGYDULDEOH3UDQGWOQXPEHU
$7005DKPDQD06$ODPE0$$OLPFDQG0.&KRZGKXU\F
aDepartment of Computer Science and Engineering, Dhaka International University, Dhaka-1205, Bangladesh 
bDepartment of Mathematics, Jagannath University, Dhaka-1100, Bangladesh 
cDepartment of Mathematics, Bangladesh University of Engineering and Technology, Dhaka-1000, Bangladesh 
 
$EVWUDFW
,Q WKLV SDSHU WKHUPRSKRUHWLF SDUWLFOH GHSRVLWLRQ RQ XQVWHDG\ WZR GLPHQVLRQDO FRQYHFWLYH VOLS IORZ RYHU D ZHGJH WDNLQJ LQWR DFFRXQW WKH
WHPSHUDWXUH GHSHQGHQW IOXLG SURSHUWLHV VXFK DV IOXLG YLVFRVLW\ DQG WKHUPDO FRQGXFWLYLW\ KDYH EHHQ VWXGLHG QXPHULFDOO\ /RFDOO\ VLPLODU
VROXWLRQVDUHREWDLQHGE\DSSO\LQJ1DFKWVKHLP6ZLJHUWVKRRWLQJLWHUDWLRQ WHFKQLTXHDORQJZLWKVL[WKRUGHU5XQJH.XWWD LQWHJUDWLRQVFKHPH
7KHQRQGLPHQVLRQDOYHORFLW\WHPSHUDWXUHDQGFRQFHQWUDWLRQDVZHOODVWKHUPRSKRUHWLFYHORFLW\DQGWKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\
IRUYDULRXVYDOXHVRIWKHSHUWLQHQWSDUDPHWHUVDUHGLVSOD\HGLQJUDSKLFDOO\DQGWDEXODWHGIRUP,QPRGHOLQJWKHWKHUPDOERXQGDU\OD\HUIORZ
ZLWKDWHPSHUDWXUHGHSHQGHQWYLVFRVLW\DQGWKHUPDOFRQGXFWLYLW\WKH3UDQGWOQXPEHUPXVWEHWUHDWHGDVDYDULDEOHWRREWDLQUHDOLVWLFUHVXOWV
7KH REWDLQHG QXPHULFDO UHVXOWV DOVR VKRZ WKDW ERWK WKH IOXLG YHORFLW\ DQG WKHUPRSKRUHWLF SDUWLFOH GHSRVLWLRQ YHORFLW\ LQFUHDVH ZLWK WKH
LQFUHDVLQJYDOXHVRIWKHYDULDEOHYLVFRVLW\SDUDPHWHUDVZHOODVZHGJHDQJOHSDUDPHWHU
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH'HSDUWPHQWRI0HFKDQLFDO(QJLQHHULQJ%DQJODGHVK8QLYHUVLW\RI(QJLQHHULQJDQG
7HFKQRORJ\%8(7
Keywords6OLSIORZWKHUPRSKRUHVLVYDULDEOHIOXLGSURSHUWLHVYDULDEOH3UDQGWOQXPEHU

,QWURGXFWLRQ
7KHUPRSKRUHVLVGHVFULEHGDVDSK\VLFDOSKHQRPHQRQLQZKLFKVPDOOSDUWLFOHVVXFKDVVRRWSDUWLFOHVRUDHURVROSDUWLFOHV
VXEMHFWHGWRDWHPSHUDWXUHJUDGLHQWPRYHIURPKLJKWRORZWHPSHUDWXUH7KLVSKHQRPHQRQLVXWLOL]HGWRPDQXIDFWXUHJUDGHLQGH[
VLOLFRQGLR[LGHDQGJHUPDQLXPGLR[LGHLQWKHIDEULFDWLRQRIRSWLFDOILEHUXVHGLQWKHILHOGRIFRPPXQLFDWLRQV'XHWRWKHSUDFWLFDO
LPSRUWDQFHRIWKHUPRSKRUHVLVSKHQRPHQRQ7VDLDQG/LQ>@SURSRVHGDQDSSURDFKWKURXJKQXPHULFDOLQWHJUDWLRQIRUHYDOXDWLQJ
WKHSDUWLFOHGHSRVLWLRQUDWHV3RVWHOQLFX>@VWXGLHGWKHHIIHFWVRIWKHUPRSKRUHVLVSDUWLFOHGHSRVLWLRQLQIUHHFRQYHFWLRQERXQGDU\
OD\HU IURPDKRUL]RQWDO IODWSODWH HPEHGGHG LQDSRURXVPHGLXP$ODPHW DO >@ DQDO\]HG WKHHIIHFWVRIYDULDEOH VXFWLRQDQG
WKHUPRSKRUHVLVRQ VWHDG\0+'FRPELQHG IUHHIRUFHGFRQYHFWLYHKHDW DQGPDVV WUDQVIHU IORZRYHU D VHPLLQILQLWHSHUPHDEOH
LQFOLQHGIODWSODWHLQWKHSUHVHQFHRIWKHUPDOUDGLDWLRQ$EHOHWDO>@VWXGLHGFRPELQHGHIIHFWVRIWKHUPDOEXR\DQF\DQGYDULDEOH
WKHUPDO FRQGXFWLYLW\ RQ D PDJQHWRK\GURG\QDPLF IORZ DQG WKH DVVRFLDWHG KHDW WUDQVIHU LQ D SRZHUODZ IOXLG SDVW D YHUWLFDO
VWUHWFKLQJVKHHWLQWKHSUHVHQFHRIDQRQXQLIRUPKHDWVRXUFH$OORIWKHDIRUHPHQWLRQHGVWXGLHVWUHDWHGWKH3UDQGWOQXPEHUDVD
FRQVWDQW7KHXVHRIDFRQVWDQW3UDQGWOQXPEHUZLWKLQWKHERXQGDU\OD\HUZKHQWKHIOXLGSURSHUWLHVDUHWHPSHUDWXUHGHSHQGHQW
LQWURGXFHV HUURUV LQ WKH FRPSXWHG UHVXOWV 7KHUHIRUH WKH SUHVHQW VWXG\ LV WR LQYHVWLJDWH WKH HIIHFWV RI WKHUPRSKRUHVLV SDUWLFOH
GHSRVLWLRQRQXQVWHDG\FRQYHFWLYHVOLSIORZRYHUDZHGJHZLWKYDULDEOHIOXLGSURSHUWLHVDQGYDULDEOH3UDQGWOQXPEHU


&RUUHVSRQGLQJDXWKRU7HOID[
E-mail address:DWPPUDKPDQ#JPDLOFRP
© 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of the Department of Mechanical Engineering, Bangladesh University of Engineering 
and Technology (BUET)
250   A.T.M. M. Rahman et al. /  Procedia Engineering  90 ( 2014 )  249 – 254 

)RUPXODWLRQRIWKH3UREOHP
&RQVLGHUDQXQVWHDG\WZRGLPHQVLRQDOODPLQDUIRUFHGFRQYHFWLYHKHDWDQGPDVVWUDQVIHUIORZRIDYLVFRXVLQFRPSUHVVLEOH
IOXLGDORQJDKHDWHGLPSHUPHDEOHZHGJH7KHDQJOHRIWKHZHGJHLVJLYHQE\ ES : /HWWKHxD[LVEHWDNHQDORQJDGLUHFWLRQ
RI WKHZHGJHDQG WKHyD[LVQRUPDO WR LW7KHYLVFRVLW\DQG WKHUPDOFRQGXFWLYLW\RI WKH IOXLGDUHDVVXPHG WREHD IXQFWLRQRI
WHPSHUDWXUH7KHJRYHUQLQJHTXDWLRQVGHVFULELQJWKHFRQVHUYDWLRQRIPDVVPRPHQWXPHQHUJ\DQGFRQFHQWUDWLRQUHVSHFWLYHO\
FDQEHZULWWHQDVIROORZV
 
w
w
w
w
y
v
x
u
 
 ¸¸¹
·
¨¨©
§
w
w
w
w
w
w
w
w 
w
w
w
w
w
w
f y
u
yx
UU
t
U
y
uv
x
uu
t
u P
U

 ¸¸¹
·
¨¨©
§
w
w
w
w 
w
w
w
w
w
w
f y
T
ycy
Tv
x
Tu
t
T
f
p
N
U 



CV
yy
CD
y
Cv
x
Cu
t
C
Tw
w
w
w 
w
w
w
w
w
w 
ZKHUHVTLVWKHWKHUPRSKRUHWLFYHORFLW\ZKLFKLVGHILQHGDVIROORZV
 yTTVT ww fNX 
ZKHUHN LVWKHWKHUPRSKRUHWLFFRHIILFLHQWZKLFKUDQJHVLQYDOXHIURPDVLQGLFDWHGE\%DWFKHORUDQG6KHQ>@
2.1. Boundary conditions of the model 
7KHDSSOLFDEOHERXQGDU\FRQGLWLRQVIRUWKHSUHVHQWPRGHODUH
 yuLu ww , v = 0, T = Tw , C = Cw ,at y = 0 ,                       D                                    
fo   ff yasCCTTtxUu  E
ZKHUHL LV WKH VOLS OHQJWK DQGU(x,t) LV WKH SRWHQWLDO  IORZYHORFLW\ IRU WKHZHGJH IORZZKLFK LV WDNHQ DV IROORZV VHH  DOVR
5DKPDQHWDO>@
 f 
mmxtxU GX 
ZKHUHmLVDQDUELWUDU\FRQVWDQWDQGLVUHODWHGWRWKHZHGJHDQJOHDQG įLVWKHWLPHGHSHQGHQWOHQJWKVFDOHZKLFKLVWDNHQWREH
DV į = į (t).                                                                                                                                                      
,QWURGXFWLRQRI'LPHQVLRQOHVV9DULDEOHV
:HLQWURGXFHWKHIROORZLQJQRQGLPHQVLRQDOYDULDEOHV
        fffff     CCCCTTTTfxmxmy wwmmmm KIKTKGX\GK 
ZKHUHȥLVWKHVWUHDPIXQFWLRQVXFKWKDW yu ww \ DQG xv ww \ DQGVDWLVILHVWKHFRQWLQXLW\HTXDWLRQ
/LQJDQG'\EEV>@VXJJHVWHGDWHPSHUDWXUHGHSHQGHQWYLVFRVLW\RIWKHIRUP
> @ ff  TTJPP 
ZKHUHJ LVWKHWKHUPDOSURSHUW\RIWKHIOXLG&KDLP>@FRQVLGHUHGDWHPSHUDWXUHGHSHQGHQWWKHUPDOFRQGXFWLYLW\DV
  fff  TTTTkk wf J 
ZKHUH fk LVWKHWKHUPDOFRQGXFWLYLW\RIWKHDPELHQWIOXLGDQGJ LVWKHWKHUPDOFRQGXFWLYLW\YDULDWLRQSDUDPHWHU
1RZLQWURGXFLQJWKHHTXDWLRQVLQWRHTXDWLRQZHJHWWKHIROORZLQJQRQOLQHDURUGLQDU\GLIIHUHQWLDOHTXDWLRQV
   ccccccc

ccccc fffffff
rrr
KO
T
TET
TTT
T 


3U

3U

  c

c

c

cc ff TOK
JT
T
JT
T
JT
JT f 
    @>   ccccccccc TTIITTITNIKOII tcct NNNNScScScf 

ZLWKWKHWUDQVIRUPHGERXQGDU\FRQGLWLRQV
   cc c ITEH fff D
  f f fc ITf E
ZKHUH   mmE LV WKH ZHGJH DQJOH SDUDPHWHU WKDW FRUUHVSRQGV WR ES : IRU D WRWDO DQJOH : RI WKH ZHGJH
251 A.T.M. M. Rahman et al. /  Procedia Engineering  90 ( 2014 )  249 – 254 

fff  NP pc3U LV WKH DPELHQW 3UDQGWO QXPEHU DSc f X LV WKH 6FKPLGW QXPEHU  ff  TTTN wt LV WKH WKHUPRSKRUHVLV
SDUDPHWHU  ff  CCCN wc LV WKH FRQFHQWUDWLRQ UDWLR  fff   TTTTTT wwrr JT LV WKH YDULDEOH YLVFRVLW\
SDUDPHWHU   dtdxmm GXGO f LVWKHXQVWHDGLQHVVSDUDPHWHUDQG  5H xLxKn H LVWKHVOLSSDUDPHWHU xKn O LV.QXGVHQ
QXPEHUDQG XUxx  5H LVWKH5H\QROGVQXPEHU
9DULDEOH3UDQGWO1XPEHU
7KHGHILQLWLRQRI3UDQGWOQXPEHUVKRZV WKDW LW LVD IXQFWLRQRIYLVFRVLW\ WKHUPDOFRQGXFWLYLW\DQGVSHFLILFKHDW%HFDXVH
ERWK YLVFRVLW\ DQG WKHUPDO FRQGXFWLYLW\ YDU\ DFURVV WKH ERXQGDU\ OD\HU WKH 3UDQGWO QXPEHU DOVR YDULHV 7KH DVVXPSWLRQ RI
FRQVWDQW3UDQGWOQXPEHULQVLGHWKHERXQGDU\OD\HUZKHQWKHYLVFRVLW\DQGWKHUPDOFRQGXFWLYLW\DUHWHPSHUDWXUHGHSHQGHQWOHDGV
WRXQUHDOLVWLFUHVXOWV7KHUHIRUHWKH3UDQGWOQXPEHUUHODWHGWRWKHYDULDEOHYLVFRVLW\DQGYDULDEOHWKHUPDOFRQGXFWLYLW\LVGHILQHG
DV
 
    JTTTJTN
TTTP
N
P
 


  f
f
f 3U


3U r
prr
f
p
v
cc

$WWKHVXUIDFHȘ  RIWKHZHGJHWKLVFDQEHZULWWHQDV   JT  f 3U3U rw )URPHTXDWLRQLWFDQEHVHHQWKDW
IRU forT DQG  J  WKH YDULDEOH 3UDQGWO QXPEHU Prv LV HTXDO WR WKH DPELHQW 3UDQGWO QXPEHU f3U  ,Q OLJKW RI WKH DERYH
GLVFXVVLRQDQGXVLQJHTXDWLRQWKHQRQGLPHQVLRQDOWHPSHUDWXUHHTXDWLRQFDQEHH[SUHVVHGDV
      3U3U   ccccc TOKTTTTTTJTJT vrvr f 
(TXDWLRQLVWKHFRUUHFWHGQRQGLPHQVLRQDOIRUPRIWKHHQHUJ\HTXDWLRQLQZKLFK3UDQGWOQXPEHULVWUHDWHGDVYDULDEOH

3DUDPHWHUVRI(QJLQHHULQJ,QWHUHVW
7KHSDUDPHWHUVRIHQJLQHHULQJLQWHUHVWIRUWKHSUHVHQWSUREOHPDUHWKHORFDOVNLQIULFWLRQFRHIILFLHQWORFDO1XVVHOWQXPEHU
ORFDO6KHUZRRGQXPEHUDQGZDOOWKHUPRSKRUHWLFGHSRVLWLRQYHORFLW\ZKLFKDUHREWDLQHGIURPWKHIROORZLQJH[SUHVVLRQV
5H  fCf cc  E ZKHUH    ww yw yuPW 
5H  TE c Nu ZKHUH    ww yfw yTq N 
5H  IE c Sh ZKHUH    ww yw yCDM 
     5H  IEX c  f ScxVV dd 
&RGHYDOLGDWLRQ
7R FKHFN WKH YDOLGLW\ RI WKH SUHVHQW FRGH ZH KDYH FDOFXODWHG WKH YDOXHV RI     ff c DQG  f cc IRU WKH )DONQHU6NDQ
ERXQGDU\OD\HUHTXDWLRQIRUWKHFDVH forT   J   E   H DQG  O IRUVWHDG\IORZIRUGLIIHUHQWYDOXHVRIK 7KXV
IURPWDEOHZHREVHUYH WKDW WKHGDWDSURGXFHGE\WKHSUHVHQWFRGHDQGWKRVHRI:KLWH>@DUH LQH[FHOOHQWDJUHHPHQWZKLFK
JLYHVXVFRQILGHQFHWRXVHWKHSUHVHQWQXPHULFDOFRGH
7DEOH&RPSDULVRQRIWKHSUHVHQWQXPHULFDOUHVXOWVRI)DONQHU6NDQERXQGDU\OD\HUHTXDWLRQIRUWKHFDVHRIȕ J  O  DQG forT 

1XPHULFDO5HVXOWVDQG'LVFXVVLRQ
,QRUGHUWRLQYHVWLJDWHWKHHIIHFWVRISHUWLQHQWSDUDPHWHUVRQWKHIORZILHOGVWKHYDOXHVRI6FKPLGWQXPEHUSc 
DUHUHSUHVHQWVK\GURJHQKHOLXPZDWHUYDSRXUDQG&DUERQ'LR[LGHUHVSHFWLYHO\7KHGHIDXOWYDOXHVRIWKHSDUDPHWHUV
WKURXJKRXWWKHVLPXODWLRQDUHFRQVLGHUHGDVșr J  H  Ȝ   E LH:  N   cN  Nt  
DQG 3U  f  XQOHVVRWKHUZLVHVSHFLILHG
7.1. Effect of the variable viscosity parameter 
7KH HIIHFW RI WKH YDULDEOH YLVFRVLW\ SDUDPHWHU rT IRU rT ! DQG rT  RQ WKH GLPHQVLRQOHVV YHORFLW\ WHPSHUDWXUH
FRQFHQWUDWLRQDQGYDULDEOH3UDQGWOQXPEHUIRUERWKVOLSDQGQRVOLSIORZVDUHGLVSOD\HGLQ)LJVDG)URP)LJVDF
K   Kf  Kf c Kf cc 
 3UHVHQWZRUN :KLWH>@ 3UHVHQWZRUN :KLWH>@ 3UHVHQWZRUN :KLWH>@
      
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ZHVHHWKDWWKHYHORFLW\ZLWKLQWKHERXQGDU\OD\HULQFUHDVHVZKHUHDVERWKWKHWHPSHUDWXUHDQGFRQFHQWUDWLRQGHFUHDVHZLWKWKH
LQFUHDVLQJYDOXHRI rT 7KLVZRUNLVFRQVLVWHQWZLWK WKHZRUNRI5DKPDQHWDO >@ ,W LVDOVRREVHUYHGIURPWKHVHILJXUHV WKDW
YHORFLW\LVORZHUEXWERWKWKHWHPSHUDWXUHDQGFRQFHQWUDWLRQLVKLJKHUIRUQRVOLSIORZ  H WKHQWKHVOLSIORZ  H )URP
)LJ G VKRZV WKDW v3U DW WKH VXUIDFH RI WKH ZHGJH LQFUHDVHVZLWK WKH LQFUHDVH RI rT  7KH UHVXOW DOVR VKRZ WKDW YDOXHV RI
v3U ZLWKLQWKHERXQGDU\OD\HUFRQYHUVHDV\PSWRWLFDOO\WRWKHYDOXHRI f3U IDUDZD\IURPWKHVXUIDFHRIWKHZHGJH
7.2. Effect of the unsteadiness parameter 
7KHHIIHFWVRIXQVWHDGLQHVVSDUDPHWHUO RQWKHGLPHQVLRQOHVVYHORFLW\ WHPSHUDWXUHDQGFRQFHQWUDWLRQSURILOHVZLWKLQ WKH
ERXQGDU\OD\HU KDYH EHHQ GLVSOD\HG LQ )LJV  DF UHVSHFWLYHO\ )URP WKHVH ILJXUHV ZH REVHUYH WKDW WKH YHORFLW\ SURILOH
GHFUHDVHV ZKHUHDV ERWK WKH WHPSHUDWXUH DQG FRQFHQWUDWLRQ SURILOHV LQFUHDVH ZLWK WKH LQFUHDVLQJ YDOXHV RI WKH XQVWHDGLQHVV
SDUDPHWHUO 
7.3. Effect of the thermal conductivity variation parameter 
)LJ GZHREVHUYH WKDW v3U DV\PSWRWLFDOO\FRQYHUJHV WR WKHYDOXHRI f3U DV foK ZKLFK LVH[SHFWHG ,W LVDOVR IRXQG
WKDW
v3U LQFUHDVHVZLWKWKHLQFUHDVHRIWKHWKHUPDOFRQGXFWLYLW\YDULDWLRQSDUDPHWHUJ 
7DEOH VKRZV WKDW IOXLGYHORFLW\ DQG WKH WKHUPRSKRUHWLF SDUWLFOHGHSRVLWLRQYHORFLW\ IRUGLIIHUHQWYDOXHVRI rT DQGE  ,Q
7DEOH  ZH KDYH FDOFXODWHG WKH FRUUHODWLRQ FRHIILFLHQW U EHWZHHQ IOXLG YHORFLW\ f c DQG WKHUPRSKRUHWLF SDUWLFOH GHSRVLWLRQ
YHORFLW\  5HdV )URPWKLVWDEOHWKHYDOXHVRIUVKRZWKDWIOXLGYHORFLW\DQGWKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\DUH
KLJKO\ FRUUHODWHG IRU DOO YDOXHV RI rT  )URP WKLV WDEOH LW LV FOHDUO\ REVHUYHG WKDW ZKHQ WKH IOXLG YHORFLW\ LQFUHDVHV WKH
WKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\DOVRLQFUHDVHVZKLFKLVH[SHFWHG7DEOHVKRZVWKDWWKHYDULDWLRQRIWKHUPRSKRUHWLF
SDUWLFOH GHSRVLWLRQYHORFLW\ IRUGLIIHUHQWYDOXHV RI6F DQGH 7KLV WDEOH VKRZ WKDW WKHUPRSKRUHWLF SDUWLFOHGHSRVLWLRQYHORFLW\
LQFUHDVHVZLWK WKH LQFUHDVHRI6FKPLGWQXPEHU)URPWDEOHZHREVHUYH WKDW WKH ORFDOVNLQIULFWLRQDQGWKH ORFDOUDWHRIKHDW
WUDQVIHULQDIOXLGRIFRQVWDQW3UDQGWOQXPEHULVORZHUWKDQLQDIOXLGRIYDULDEOH3UDQGWOQXPEHUZKHQQRVOLSIORZVZKLOHWKH
RSSRVLWHUHVXOWLVIRXQGIRUVOLSIORZV)URPWKLVWDEOHZHDOVRVHHWKDWWKHDEVROXWHHUURUEHWZHHQWKHSURGXFHGUHVXOWVGLIIHUHG
E\ OHVV WKDQZKHQ WKHQHJDWLYHYDOXHV RI rT DUHYHU\ ODUJH7KH DEVROXWH HUURUEHWZHHQ WKHSURGXFHG UHVXOWV LVPRUH WKDQ
ZKHQ  rT IRUQR VOLS IORZEXW WKHVHHUURUVEHFRPHDW  rT IRU VOLS IORZ2Q WKHRWKHUKDQG WKH
DEVROXWHHUURULQ T c LVDW rT  ZKHQVOLSLVDSSOLHGDWWKHVXUIDFHRIWKHZHGJH
7DEOH(IIHFWVRI rT DQG E RQWKHIOXLGYHORFLW\DQGWKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\
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)LJ  9DULDWLRQ RI GLPHQVLRQOHVV D YHORFLW\ E WHPSHUDWXUH F
FRQFHQWUDWLRQDQGGYDULDEOH3UDQGWOQXPEHUIRUVHYHUDOYDOXHVRI
rT 
SRVLWLYHDQGH 
)LJ  9DULDWLRQ RI GLPHQVLRQOHVV D YHORFLW\ E WHPSHUDWXUH F
FRQFHQWUDWLRQIRUVHYHUDOYDOXHVRIO DQGH DQGGYDULDEOH3UDQGWO
QXPEHUIRUVHYHUDOYDOXHVRIJ 

7DEOH9DULDWLRQRIWKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\IRUGLIIHUHQWYDOXHVRISc. 
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7DEOH9DOXHVRI f cc DQG Tc IRUGLIIHUHQWYDOXHVRIH DQG rT IRU 3U  f J  Sc O  DQG  tN 
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93U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&RQFOXVLRQV
,QWKLVZRUNWKHHIIHFWVRIWKHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQRQXQVWHDG\FRQYHFWLYHVOLSIORZVRYHUDZHGJHZLWKYDULDEOH
IOXLGSURSHUWLHVDQGYDULDEOH3UDQGWOQXPEHUKDYHEHHQVWXGLHGQXPHULFDOO\7KHIOXLGSURSHUWLHVVXFKDVYLVFRVLW\DQGWKHUPDO
FRQGXFWLYLW\ DUH FRQVLGHUHG WR EH WHPSHUDWXUH GHSHQGHQW )URP WKH SUHVHQW QXPHULFDO LQYHVWLJDWLRQV WKH IROORZLQJ PDMRU
FRQFOXVLRQVFDQEHGUDZQ

L 7KH IOXLGYHORFLW\ZLWKLQ WKHERXQGDU\OD\HU LV IRXQG ORZHUZKHUHDVERWK WKH WHPSHUDWXUHDQGFRQFHQWUDWLRQDUH
KLJKHUIRUWKHFDVHRIQRVOLSIORZVWKDQWKHVOLSIORZV
LL 7KHUPRSKRUHWLFSDUWLFOHGHSRVLWLRQYHORFLW\DWWKHZHGJHVXUIDFHLQFUHDVHVZLWKWKHLQFUHDVHRIIOXLGYHORFLW\
LLL 7KHORFDOVNLQIULFWLRQDQGWKHORFDOUDWHRIKHDWWUDQVIHULQDIOXLGRIFRQVWDQW3UDQGWOQXPEHULVORZHUWKDQLQDIOXLG
RIYDULDEOH3UDQGWOQXPEHUZKHQQRVOLSIORZVZKLOHWKHRSSRVLWHUHVXOWLVIRXQGIRUVOLSIORZV
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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
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IOXLGSDVWDYHUWLFDOVWUHWFKLQJVKHHWLQWKHSUHVHQFHRIDRQXQLIRUPKHDWVRXUFH,QW-1RQ/LQHDU0HFK
>@ *.%DWFKHORU&6KHQ7KHUPRSKRUHWLFGHSRVLWLRQRISDUWLFOHVLQJDVIORZLQJRYHUFROGVXUIDFH-&ROORLG,QWHUIDFH6FL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